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                         Water injection  of sinkholes on Lucke Farm
Introduction

DNR& M’s negative assessment of Lucke Farm by Senior Hydrologist Jeff Lloyd,

contained the following observation. Quote, “Another obvious karst feature of the area is sinkholes. The sinkholes apparent are generally the surface expression of a vertical shaft. On inspection it is found that most of the sinkholes are terminated by earth floors at fairly shallow depths, usually less than 3 m below the surface.” 

This assertion that the sinkholes are basically blind and a range of other equally inaccurate observations became the catalyst for a decision to record and systematically inject water into the sinkholes on Lucke Farm to prove their surface to aquifer connection. There are five sinkholes on Lucke Farm and one on Lake Road near Bore 04 about 10 m from the Lucke property boundary that have been pumped. 
Before proceeding with the outcome of the farm trial it may be beneficial to examine the nature of a karst aquifer, of sinkholes and their role from a hydrogeological and administrative perspective. 

Karst aquifer status
Re DNR& M Investigation of Water Supply C Lucke & Sons, Bracewell via Mt Larcom by Senior Hydrologist Jeff Lloyd. Quote, “The results of weathering in limestone, solution and leaching, is known as karst. According to VT Springfield and Others, karst may be divided into two groups (1) surficial features that do not extend far below the surface: and (2) karst features that extend well below the surface and affect the circulation of the water below. It is my belief that the karst features at East End and Bracewell generally fit into type (1) karst.”

Rebuttal 
See Attachment A for the relevant extracts from a submission presented by C.H.C. Shannon on behalf of the University of Queensland Speleological Society to the 1975 Gladstone Warden’s Court in relation to an application by Darra Explorations for extensive mining leases within the Mt Larcom district. Quote, “It is felt it is the duty of the University of Queensland Speleological Society to present information for the sake of conservation of the public interest, particularly on the subjects on which the Society is expert; limestone caves, karst landforms, the limestone ‘scrubs’, and bats.”     

The Society’s submission is clearly predicated on the basis that Mt Larcom limestone deposits fit within category karst type 2 deposits. 

Internationally experienced hydrologists Dr Peter James, Dingle Smith and Professors Ray Volker and Brian Finlayson have all visited and declared the local aquifer system with its caves, karst landform, sinking streams, springs, sinkholes and conduits to be karst aquifer type 2.
Hydrogeologically
Viable sinkholes are a feature of karst aquifer type 2 and where they survive intact they channel overland flow and serve as an example of surface and underground interconnectivity. Unfortunately, their role and value to the ecological system has not always been fully understood or appreciated. Farmers commonly use sinkholes as waste dump sites and during the intense agricultural phase of the 1950’s and 1960’s many sinkholes became either temporarily or permanently smothered by erosion from the cultivation. Where surface to underground connections are significant and velocity within the conduits or caverns sufficiently turbulent to keep silt suspended or to prevent blocking of pathways such sinkholes survive. Not all sinkholes are located within the gullies or watercourses. Many are found on the banks, on hills or in low lying areas. Apart from their role in facilitating direct infiltration of recharge they presumably also serve as the lungs of the system – allowing easy ingress of water through displacement of air from cracks, crevices and chambers etc. During the sudden but limited limestone recharge arising out of the major rainfall event of February 2003, pressurised air was detected being emitted from bores 96-19; W35 and B104.   
Administratively
The incidence of sinkholes and their proven interconnectivity between the surface and underground is important in the context of the Calliope River Resource Plan currently under consideration. As a signatory to the COaG Agreement on the National Water Initiative (NWI) the Queensland Government and their agent DNR&M are bound by the objectives of the NWI that requires interconnected surface and underground aquifer systems to be dealt with as a single resource. Currently the Queensland Government is intent upon dealing only with surface and overland flow and proceeding in such a manner as to ignore the over allocation within the Larcom  Creek sub-catchment where widespread and chronic mine induced depletion of the limestone aquifer is permanently entrenched. This conscious administrative decision of the Queensland Government ignores environmental and social equity considerations while failing to comply with the principles of the water reform processes.  
Methodology used in farm trials.
Firstly the number and location of the sinkholes were identified. To fit in with the farm program, it was decided that pumping from bore 11196 would take place on Sunday nights. Taps and other connections were turned off and the pumped volume read from the meter. The pump at bore 11196 has a capacity of slightly in excess of 10,000 l/h but as some of the sinkholes were up to 700 m away, this output fluctuated accordingly.
Trial results
Sinkhole A.

On the 29 May 2005, 80,000 litres were pumped over a 12 hour period. Although the sinkhole was only small, no pooled water was evident at the conclusion of the trial. The sinkhole was therefore not pumped to capacity.
Sinkhole B
On 5 June 2005, 130,000 litres were pumped at the site of an old dump over a 12 hour period. The depression around the sinkhole became pooled and it took 20 hours in total for the presumably impaired sinkhole to absorb the 133,000 litres. Sinkhole pumped to capacity.
Sinkhole C
On 12 June 2005, a small sinkhole within about 60 m of Bore 11196 was pumped at the rate of 121,000 l over 12 hours. There was no pooling and the sinkhole was therefore not pumped to capacity. A few minutes before pumping ceased, a small quantity of highly soluble animal feed grade red dye was injected. Within an hour, a dilute discolouration of the water tanks was evident. A 50mm sample was taken but the colour was only visible when magnified by looking into the 3 m depth of water in the open tank. As a check against self-deception the tank was again inspected the following morning but no evidence of dye was then apparent.  When Bore 11196 was drilled water was struck at 53 m so obviously the sinkhole has a deep connection.
Sinkhole D
A small sinkhole (near the old dump) that had been silted up for some years was dug out in advance and on 19 June 2005, pumped until the depression around the sinkhole filled and the water was then turned off. The sinkhole absorbed 80,000 L over a 16 hour period. Pumped to capacity.
Sinkhole E
Large sinkhole, pumped 120,000 litres over 14 hours. No pooling. Not pumped to capacity.

Sinkhole F
Sinkhole on Lake Road next to Observation bore 04. Situated within10 metres of the Lucke boundary. Not re-pumped as part of this exercise. See photograph of sinkhole being injected with dye during the EEMAG Dye Trial of May 2002 when 120,000 litres were artificially injected without pooling and on a separate occasion, see photograph of the volume of overland flow being absorbed by the sinkhole. Dye recorded at the mine on the 39th day in both the initial and back-up sample.  
Summary

Of the six sinkholes tested, all demonstrated a capacity to absorb significant quantities of water. Sinkholes A, C and E appeared to have a much greater absorption capacity than at the rate pumped. With regard to F it was estimated during the major recharge event of 5, 6 and 7 February 2003 that the sinkhole absorbed 50,000 l/h over an uninterrupted 50 hour recharge period. When the lake filled to about 80 % of its capacity (estimated at about 25 megalitres) F was not overtopped by the lake. See photograph of the stakes inserted in the ground. The gap between each stake represents the daily rate of decline due to absorption by submerged sinkholes.             
Following the February 2003 recharge event, and filling of the Bracewell Lake, the Groundwater monitoring round of 4 March 2003 detected a 5m rise at B105 at Armstrong’s the closest  bore in limestone below Weir 2. Regular monitoring of B105 commenced in1997 and previous recharges or runs in Machine Creek in the absence of the recovery of the Bracewell Lake barely registered a blimp on the hydrograph of B105. 
Many other sinkholes that are considered capable of ingesting large volumes of water are located proximate to the north-west and south of Lucke Farm and at other locations throughout the district. Data on the incidence and locations of sinkholes has not been exhaustively logged and with a more thorough survey many more would be expected to be located. However, it is hoped that the results of the present trial will gain sufficient credence to win local sinkholes proper recognition of their type 2 karst status. 
